In the first part of the talk, we discuss non-geometric twists and shifts and briefly review asymmetric orbifolds and free fermion constructions. These allow us to build Type IIB models with N = 1 L + 1 R and N = 1 L + 0 R models having few or no moduli. We then consider unoriented projections of the former and ('exotic') D-branes in the latter.
Foreword
So far, the combined effect of twists and shifts has not been systematically explored in the context of (unoriented) strings [1] . The basic idea is that chiral twists can freeze out untwisted moduli, while (orthogonal) non-geometric shifts prevent massless twisted moduli from appearing.
In this way, one may provide exact CFT descriptions of 'T-folds' [2] in terms of (a)symmetric orbifolds [3, 4] and/or free fermions [5, 6] and allow for a systematic search of perturbative vacua with few moduli. Moreover they suggest the existence of 'new' kinds of L-R asymmetric D-branes [7] with largely unexplored phenomenological applications.
In the era of LHC, taming superstring vacua with few or no moduli is more than necessary [8, 9] .
The talk is divided into two parts.
In the first part, based on [10] , we will discuss twists and shifts, briefly review asymmetric orbifolds [3, 4] and free fermions [5, 6] , build Type IIB models with N = 1 L +1 R and N = 1 L + 0 R from T 6 SO (12) , find consistent unoriented projections and ('exotic') D-branes [11] In Part II, devoted to L-R asymmetric D-branes and based on [7] , we will discuss extended supergravity vacua in string theory [12] , identify bound states of D-branes with residual susy and non-trivial R-R couplings, focus on the N = 6 = 2 L + 4 R case, sketch other extended susy cases, and describe the resulting open string excitations.
We will end with an outlook.
(Unoriented) T-folds with few or no T's 2.1 Asymmetric orbifolds and free fermions
Asymmetric orbifolds [3, 4] are constructions where Left-and Right-moving fields on the string worldsheet are treated differently or are different altogether. Stringent modular invariance constraints must be satisfied.
For simplicity, consider Z 2L chiral reflections of Left-moving internal bosonic and fermionic coordinates
orbifold with generators I 3456 , I 1256 andĪ 3456 ,Ī 1256 all untwisted moduli fields, except the axio-dilaton are frozen [10] .
If one combines chiral twists with chiral shifts along orthogonal directions such as
with 2δ a lattice vector, most massless twisted moduli are prevented from appearing. Clearly such duality twists and shifts are symmetries of very special tori, in particular those based on free fermions [5, 6, 12] . In these constructions one 'fermionizes' the internal coordinates, so that the worldsheet supercurrent becomes [13] 
Preservation of G, up to a sign, under parallel transport along non-contractible cycles requires that the boundary conditions of the various fermions be related. For 'real' fermions, i.e. Z 2 twists, one has b.c. (
The construction is specified by the choice of basis sets of fermions b α . Modular invariance (or level matching) imposes stringent constraints. Focussing on Z 2 twists one finds [6] n L−R (b α ) = 0 mod 8 ; In what follows, our starting point will be the Type IIB superstring on the T 6 maximal torus of SO (12) with N = 8 = 4 L + 4 R . The presence of a non vanishing B-field plays a subtle crucial role in the reduction of the number of twisted sectors [14] . For our purposes, the fermionic description of the model relies on the choice of 
where O, V, S, C denote characters characters of SO(2n) current algebra [15] that can be expressed in terms of Jacobi ϑ functions.
Alternatively, keeping only F and S, one finds an N = 4 = 4 L +0 R model with SU(2) 6 gauge group and SO(20) 'pseudo-symmetry' [16] . Its partition function reads
There has been recent revival of interest on free fermion constructions both for heterotic strings, where spinor/vector duality has been 'established' and realistic models proposed, as well as for Type II strings where (non) magic hyper-free supergravities have been constructed and models with few (twisted) moduli found [14, 17] .
Our analysis, aimed at finding unoriented T-folds with few or no T's, was largely motivated by two seemingly unrelated investigations the CDMP model [18] and DJK 'minimal' model [19] .
The CDMP model, based on a previous observation in [20] , is a standard geometric freely acting orbifold 
2.2
The 'minimal' model with "h 11 " ="h 11 "=1
In the perspective of unoriented projections, one is lead to replaceb 3 with b 2 and get a L-R symmetric asymmetric orbifold. Geometric (freely acting) projections associated to b 1b1 and b 2b2 are combined with non geometric (freely acting) projections associated to b 1 , b 2 , ...b 1b2 . The surviving spacetime susy is N L = N R = 1, N tot = 2. All untwisted moduli except the dilaton hypermultiplet are projected out. One could hope that all twisted sectors be massive, thanks to the shifts. Alas, massless multiplets arise from the b 1 b 2b1b2 twisted sector, that contributes one hyper and one vector multiplet. By analogy with 'geometric' CY-like compactifications one is lead to introduce effective Hodge numbers and get "h 11 "="h 21 "=1 in this case.
As we will see later, unoriented projections can produce 1 u + 2 t − n chiral-plets and n vector-plets (n = 0, 1). Unfortunately, at a first scan, the open string spectrum seems to be non chiral and the Chan-Paton group suffers rank reduction due to the non-vanishing but quantized B-field [23, 24, 25, 26, 27, 28] . A systematic study is under way. MSSM embeddings in similar fermionic constructions have been recently discussed in [30] .
Let us now, give some details of the
The generators of the orbifold group can be specified by the following choice of fermionic sets 
where the chiral amplitudes ρ ab
can be expressed in terms of the super-characters
while the lattice sums for h = 1, 2 as well as for h ′ = 3 can be conveniently written in terms of ϑ functions Λ 00,00 = 1 2
As anticipated, the only massless twisted states come from the b 3b3 sector. The whole massless spectrum is coded in
and consists in the N = 2 supergravity multiplet coupled to 2 hypers and 1 vector, i.e. "h 11 "= "h 21 " = 1.
Models with
We then performed a systematic search of models with
2 , corresponding to the choice of basis sets F, S,S plus four more sets of the form
As above, in view of the resulting N = 1 L + 1 R supersymmetry, one can introduce "effective" Hodge numbers "h 11 " = n h -1, "h 21 " = n v . We found three finite sequences of models with ("h 11 ","h 21 "):
(n, n), n = 1, 2, 3, 4, 5, 9, self − mirror, χ = 0 (2n, 2n + 6)/(2n + 6, 2n), n = 0, 1, 2, mirror pairs, χ = ∓12 (2n + 3, 2n + 15)/(2n + 15, 2n + 3), n = 0, 1, mirror pairs, χ = ∓24
Once again, the non vanishing but quantized B-field plays a subtle role in reduction of twisted sectors [14] while discrete torsion [4, 20] , i.e. relative signs between disconnected orbits of the modular group in the one-loop partition function, lead to the exchange of vectors and hypers, i.e. generalized mirror symmetry for these non-geometric Type II vacuum configurations. It is amusing to see that χ = 12k in all cases we analyzed. We have no convincing explanation for this except for the obvious fact that the models at hand can be thought of as non-geometric orbifolds of K3 × T 2 .
In the same vein, one can systematically scan for models with N = 1 L + 0 R based on T 6 SO (12) . To this end, one keeps only the sets F and S (notS) plus, for instance, two more sets b 1 and b 2 . The latter spacetime susy to N = 1 L + 0 R and the internal (pseudo)symmetry SO (20) . The "true" gauge symmetry can only be determined after a careful analysis of the vertex operators for vectors and their OPE's. Not unexpectedly, it turns out to be a subgroup of SU (2) 6 with abelian factors and the possibility of further (perturbative) Higgs mechanism.
The massless spectrum can be decomposed according to
As indicated there are two different kinds of chiral and vector multiplets distinguished by the nature, NS-NS or R-R, of the bosonic components. Though L-R asymmetric, these models allow the introduction of generalized D-branes that couple to (twisted) R-R states [7] .
The simplest example we found of a model with N = 1 L + 0 R spacetime susy has (n v , n In the absence of 'exotic' D-branes, the resulting gauge symmetry, associated to worldsheet currents, is SU(2) 4 × U(1) 2 . The (pseudo)symmetry is broken according to
We also found other N = 1 L + 0 R Type II models with (n v , n ′ v ; n c , n ′ c ) = (10, 0; 25, 0), (8, 0; 27, 0), (6, 8; 13, 8) , (6, 8; 29, 8) . As apparent, the scan was neither very systematic nor very inspiring. Yet one should explore the possibility of adding 'exotic' D-branes. 
Unoriented projections and open strings L-R symmetric though non geometric models with
Let us now discuss the simplest unoriented model with open strings. For simplicity, consider
with no shifts at the SO(12) point. The spectrum can be coded in a basis of 64 super-characters, that appear in the geometric case as well [15, 34] . There are two choices of signs (discrete torsion), leading to two different Klein bottle projections. Yet, they both lead to the same non-chiral massless open string spectrum, encoded in (A + M)/2: N = 4 SYM with gauge group U(N) × U(4 − N). Rank reduction is due to quantized B-field [23, 24, 25, 26, 27, 28] . Alas, there seems to be some tension between chirality and moduli stabilization. Before drawing too drastic conclusions one should wait for a more systematic analysis of D-branes in non geometric compactifications of the above kind.
Bound states of L-R asymmetric D-branes 3.1 Type II superstring vacua with extended susy
Type II superstrings can give rise to (non) geometric vacua with extended supergravity [12, 29] 
In the spirit of the first part of the talk, asymmetric orbifolds and free fermions, i.e. twists and shifts, can provide 'exact' (rational) CFT descriptions of the above. For our present purpose it is crucial to observe that, even if L-R asymmetric, whenever massless R-R states (e.g. graviphotons) survive there must be bound-states of D-branes they couple to [31, 32] . As we will see [7] , these 'exotic' D-branes preserve some fraction of extended susy and satisfy BPS conditions. In many cases, one can resort to CFT techniques, i.e. use boundary states for magnetized D-branes [35, 37, 40, 36, 39, 38] , to determine the resulting open string excitations.
3.2 N = 6 = 2 L + 4 R case Spontaneous breaking N = 8 → N = 6 via chiral Z 2 twist of the L-movers corresponds to T-duality twists on four internal directions,
accompanied by an order two shift along the untwisted T Let us now consider N = 6 BPS conditions for D-brane bound-states invariant under twist and shift that couple to the surviving R-R graviphotons and carry the 16 R−R = 2 (1|5) + 4 (1|3) + 6 (3|3) + 4 (5|3) R-R charges
Consider for instance the state consisting of a D5 wrapped along the twisted T D-branes in 'T-folds' have already been studied from different vantage points [41, 11, 44, 43, 46, 45] but never in a systematic way.
Other N = 6 cases can be studied. First, instead of Z 2 one can perform a Z n chiral projection on 4 real (2 complex) super-coordinates as
with ω n = 1. In order to avoid massless twisted states, one has to combine it with an order n shift along the 'untwisted' directions (Z
. Alternatively, the maximal torus of SU (3) 3 admits a chiral Z 3 projection with no shift. N = 5 supergravity survives in the untwisted sector. The twisted sector produces an extra massless gravitino multiplet that completes the spectrum of N = 6 supergravity [29] .
Other extended susy cases with L =R
Let us list the other extended susy cases with some of their properties
• N = 5 = 1 L + 4 R , unique massless spectrum, non-geometric, uncorrected LEEA (like N = 6, 8)
quantum corrections absent in special cases
(χ = 0, eg FHSV, octonionic magic [22] ) 
where i I , j I , k I , l I run over the four directions orthogonal to
run over the two sets of two directions orthogonal to T (3333) = q
Other realizations of N = 5 = 1 L + 4 R are possible, all lead invariably to the unique N = 5 supergravity massless spectrum and LEEA: graviton g µν and 5 gravitini ψ µ , 10 graviphotons A µ , 11 dilatini χ and 10 scalars φ. The latter parameterize M D=4 N =5 = SU(5, 1)/U(5). 10 e + 10 m graviphotons in 20 of SU(5, 1) (3-index anti-symmetric tensor). The "Minimal" N = 5 superstring solutions have been classified into four classes [12] . Two alternative superstring constructions [29] are available. A Z 7 asymmetric orbifold of the SU(7) torus θ L = (ω 7 , ω 2 7 , ω 4 7 ) and 7σ R = (1, 2, −3, 0, 0, 0, 0) and a Z 3 asymmetric orbifold of the SU (3) 3 torus θ L = (ω 3 , ω 3 , ω 3 ) and 3σ R = (1, −1, 0; 1, −1, 0; 1, −1, 0).
The simplest N = 3 model with 3 matter vector-plets can be constructed in two steps. First one performs a 'geometric' Z 2 freely acting orbifold (locally equivalent to K3 × T 2 ).
The 
At most bound-states of the above can be 1/3 BPS states. No 1/2 BPS states are allowed in N = 3 supergravity. In particular the massive gravitino in N = 4 → N = 3 belong to a long multiplet.
More N = 3 = 1 L + 2 R cases and otherwise can be found. A complete classification of "minimal" Z 2 × Z L 2 N = 3 superstring solutions [12] lead to four classes with 3 + 4K matter vector multiplets, with K = 0, 1, 2, and eleven sub-classes. Adding an extra chiral projection (ie splitting geometric Z 2 into two chiral Z 2 ) produces models with 1 + 2K matter vector multiplets, with K = 0, 1, 2. In particular a model can be found with only one vector multiplet, thus having only three complex scalar moduli (including dilaton!). Another construction is based on the asymmetric Z 3 projection with θ = (ω 3 , ω 3 , ω 3 ; 1, ω 3 , ω −1
3 ) acting on the lattice of SU (3) 3 .
Due to the rigidity of the LEEA and thus the scalar geometry U(3, N v )/U(3) × U(N v ) one expects duality with N = 3 unoriented D3-brane models with 3-form fluxes [47] .
Boundary states for L-R asymmetric branes
In order to identify the open string excitations of the 'exotic' D-branes whose existence we have argued for above, one can resort to the boundary state formalism [35, 37, 40, 36, 39, 38] .
The boundary state can be factorized into a bosonic part and a fermionic part. For the bosonic coordinates one has
where R a = (1 − F a )/(1 + F a ) and |0 a ↔ p L = −R a p R For the fermions in the NS-NS sector (where no fermionic zero-modes are present) one finds
while in the R-R sector one has
One can compute the partition functions (direct loop channel) and determine the closed string couplings in the transverse tree channel, where the amplitude is simply given by the overlap of the boundary states. With these techniques magnetized and/or intersecting D-branes in L-R symmetric orbifolds have been described [21] . Our aim here is to generalize to Z L N L × Z R N R action, and construct invariant boundary states of the form
where the 'induced' magnetic field F (l,r) is determined by the condition R(F (l,r) ) = R(g
.
The annulus amplitude then reads
A g,h = Λ(g, h)I(g, h)
where g = g L g R , h = h L h R , Λ(g, h) is the lattice invariant under gh = g L h L g R h R , while I(g, h) is the 'intersection' number counting the invariant discrete zero-modes and finally ǫ I (g, h) are related to the eigenvalues of gh = g L h L g R h R → diag(e 2iǫ I (g,h) ).
As an example consider the N = 5 model based on the T 6 /Z 
moduli and produce no extra twisted moduli. Including unoriented D-brane instantons [54] and open string fluxes, one can hope to find a 'phenomenologically' viable model with all moduli stabilized by mechanisms that are under full control of CFT techniques on the worldsheet.
